
ABSTRACT

Background and Purpose: There have been few published studies regarding the treatment of patients 
with non-ossifying fibromas (NOFs), either conservatively or operatively. The purpose of this case report 
is to discuss the clinical presentation and conservative management of a teenage athlete diagnosed with a 
proximal humerus NOF. 

Case Description: The subject was a 13-year-old male middle school student with a diagnosis of left shoul-
der pain over the prior year preventing him from participating in sports activities. The combination of 
radiological findings revealing a NOF and a thorough physical examination allowed for the development of 
a physical therapy plan of care to address impairments and functional limitations. The subject was seen for 
eight visits where a combination of manual therapy techniques, neural mobilizations, and therapeutic 
exercises were administered to the cervical and upper quarter regions. The subject’s progress was tracked 
by measuring pain-free shoulder active range of motion (AROM) and monitoring changes using the Numer-
ical Pain Rating Scale (NRPS) values throughout sessions. 

Outcomes: After four sessions, AROM shoulder flexion and abduction increased from 123º and 119º to 
160º and 180º respectively, and worst NRPS decreased from 9/10 to 3/10. Upon discharge after the eighth 
visit, the subject’s DASH improved from 11.66 to 2.5. The subject remained pain free at an eight month 
follow up and returned to activity. 

Discussion: Thorough assessment of both neuromechanical sensitivity and musculoskeletal impairments 
may provide for the utilization of conservative treatment options for individuals with symptomatic NOFs. 

Level of Evidence: 4
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BACKGROUND AND PURPOSE 
Non-ossifying fibromas (NOFs) are benign, lytic 
bone lesions located within the metaphyseal region 
of long bones that extend into the medullary canal.1 
This tumor differentiates itself from a focal cortical 
defect (FCD) based on the size and location of the 
lesion, requiring a length greater than 3 cm with 
some portion of the tumor being found within the 
medullary canal to be classified as a NOF.2 NOFs are 
more commonly seen in younger individuals, as it 
has been documented that upwards of 75% of NOFs 
occur within the second decade of life, but also may 
be common between the first and third decades.3,4 
Males tend to have a higher incidence rate than 
females, and Abdelsayed et al. reported the preva-
lence of fibrous defects in cortices of long bones was 
greater than 35% in children.1,5 While NOFs can be 
found in most long bones, they are frequently found 
about the knee joint, most commonly at the distal 
femoral metaphyses, followed by the distal tibial 
metaphyses.1,4 Another well documented location 
is the mandible, but a case report regarding a NOF 
identified in a child’s mandible found that only 10 
isolated NOFs of the jaw have been reported since 
1964.6 

The majority of NOFs are asymptomatic, but larger 
tumors may result in discomfort or potential path-
ological fractures.2 Arata et al. found that if NOFs 
involve more than 50% of the transverse diameter 
of the bone or measure more than 33 mm in length, 
there is an increased risk of pathological fracture.7 
This finding has come into question recently as a 
more recent case series showed that 59% of cases of 
NOF exceeded these threshold measurements with-
out fracturing.8 

There have been few published studies regarding the 
treatment of NOFs, either conservatively or opera-
tively. Regarding a NOF of the mandible, Bailey et 
al. stated that curettage and resections were the pri-
mary form of treatment for symptomatic patients.6 
Another group of authors who studied curettage and 
grafting in athletes with benign bone lesions found 
positive results and return to play in patients under-
going the respective procedures.3 While there have 
been several studies regarding surgical procedures 
and the management of patients with NOFs, there 
are limited published reports regarding conservative 

treatment of patients diagnosed with NOFs. The pur-
pose of this case report is to discuss the clinical pre-
sentation and conservative management of a teenage 
athlete diagnosed with a proximal humerus NOF. 

CASE DESCRIPTION: SUBJECT HISTORY 
AND SYSTEMS REVIEW. 
A 13-year-old male middle school student was 
referred to physical therapy by an orthopedic spe-
cialist with a diagnosis of left shoulder pain. The 
subject reported an insidious onset of left shoulder 
pain over the past year, unchanged by positioning of 
the arm or with medications. He did not recall a spe-
cific injury that precipitated his symptoms, although 
he noted an increase in burning and tingling symp-
toms throughout the upper arm after he was pushed 
into the bleachers while playing floor hockey sev-
eral weeks prior, striking his lateral shoulder. The 
subject stated that his symptoms radiated distally 
down his left arm to the level of the elbow inter-
mittently, but were primarily isolated to the ante-
rior shoulder. In addition to the pain, his primary 
complaints included significantly decreased range 
of motion and strength, limiting his ability to par-
ticipate in extracurricular activities such as playing 
football, basketball, skeet shooting, and participat-
ing in physical education class. The subject’s goals 
were to decrease pain, increase shoulder mobility, 
and return to the above-mentioned sport activities 
which were limited secondary to pain.

Information from the medical history questionnaire 
was used to initially screen for potential red flags 
that would suggest a serious underlying pathology 
that would necessitate referral. With regard to past 
medical history, the subject reported having sus-
tained previous clavicle and elbow fractures three 
years prior (both on the left side), severe migraines, 
as well as a history of a non-ossifying fibroma located 
within the proximal humerus.

The Numeric Pain Rating Scale (NPRS) was used 
to measure pain intensity. The subject rated aver-
age pain, least pain, and worst pain over the last 24 
hours on a 0 to 10 scale, 0 representing no pain and 
10 representing the worst pain imaginable. The sub-
ject rated his pain as 6-6-9 (least, average, worst pain, 
respectively), the mean of these three scores was 
7.0. The NPRS has demonstrated acceptable levels of 
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reliability and validity9-11 and a two-point change in 
the NPRS has been reported to be clinically meaning-
ful.12 The Patient-Specific Functional Scale (PSFS) is 
a self-report measure that was used to measure the 
subject’s perceived level of disability.13 The subject is 
asked to choose and rate three activities that are dif-
ficult due to the subject’s condition, each on a 0 to 
10 scale, with 0 representing inability to perform the 
activity and 10 representing the ability to perform the 
activity as well as he or she could prior to the onset 
of symptoms. The minimally clinically important 
change is two points.13 The subject in this case report 
only chose two activities, and rated playing basketball 
and skeet shooting as 6/10 and 5/10 respectively. The 
subject also completed the Disabilities of Arm, Shoul-
der, and Hand (DASH) questionnaire (ICC=.90), 
which has been found to be a valid subject reported 
outcome measure for individuals with upper extrem-
ity pathologies.14 The subject scored 11.66 on the 
DASH and a 25 on the DASH sports module.  

CLINICAL IMPRESSION #1
The subject’s initial symptoms were insidious in onset 
over the course of one year, although he reported an 
exacerbation in symptoms after striking his lateral 
shoulder against the bleachers while playing hockey. 
Differential diagnosis consists of a deltoid strain, 
rotator cuff strain, rotator cuff tear, subacromial 
impingement syndrome, acromioclavicular joint 
sprain, proximal physeal fracture, and cervical radic-
ulopathy. Because MRA imaging ordered by the phy-
sician revealed a non-ossifying fibroma located in the 
proximity of where the subject reported having pain, 
this was also considered in the differential diagnosis 
list. The examination included screening for cervical 
radiculopathy as a possible cause followed by exami-
nation including strength, flexibility, palpation, and 
special testing of the shoulder complex to further dis-
cern the underlying causes as well as the functional 
presentation and movement diagnosis.

EXAMINATION
The subject did have imaging performed which indi-
cated the following plain radiographs that revealed 
no acute fracture or dislocation, however did reveal 
an eccentric area of rarefaction in the medial meta-
diaphysis of the left proximal humerus with a 
sharp zone of transition. Subsequently, a MRA was 

performed revealing “a 3.1 cm cephalocaudal expans-
ile sharply circumscribed lesion in the medial cortex 
of the proximal metaphysis diaphysis of the humerus 
corresponding with the plain film findings consistent 
with a benign non-ossifying fibroma.” (Figures 1-2)

Figure 1. Axial view of shoulder MRA revealing a benign 
non-ossifying fi broma. 

Figure 2. Axial view of shoulder x-ray. 
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Postural observation of the subject revealed bilateral 
forward shoulder posture with slight forward head pos-
turing, and anterior tilting of both scapulae at rest.15 
Due to the subject’s subjective reports of “burning 
and tingling” in the shoulder that occasionally radi-
ated down the arm, a cervical screen including active 
range of motion and Spurling’s Tests were performed 
without any reproduction or exacerbation of the sub-
ject’s symptoms. Observation of gross glenohumeral 
motion revealed marked limitations in all planes due 
to pain. Scapular dyskinesis was demonstrated as an 
inability to control scapular internal rotation upon 
eccentric return from a flexed and abducted position, 
as well as marked forward head posturing during both 
overhead movements. Active range of motion mea-
surements were performed using a standard goniom-
eter with the subject able to reach 123º of shoulder 
flexion and 119º of shoulder abduction. Internal rota-
tion was examined using the Apley Scratch Test, and 
the subject was able to reach one inch inferior to the 
inferior scapular angle. All active ranges of motion 
were limited secondary to reports of pain. The sub-
ject experienced hypoesthesia to light touch within 
C4 and C5 dermatomes on the left side, but no other 
abnormalities to sensation were noted. 

The subject reported pain with both Hawkins-Ken-
nedy and Empty Can tests, and had a negative Drop 
Arm Test.16 Passive shoulder mobility was not toler-
ated by the subject as he was apprehensive towards 
any shoulder movements, and reported pain upon 
testing all planes. 

Due to the subject’s subjective history which 
included intermittent sensations of burning and tin-
gling that radiated from his shoulder to his elbow, 
further evaluation of neuromechanical sensitivity 
was warranted. Since the subject was unable to tol-
erate passive shoulder testing, this also prevented 
the examiner from assessing neurodynamics, par-
ticularly the Upper Limb Neural Tension Test A at 
initial examination.  The subject also reported sig-
nificant discomfort when assessing glenohumeral 
joint mobility; therefore, a thorough assessment of 
joint play was unable to be performed, and due to 
the subject’s level of irritability, further joint mobil-
ity testing of the shoulder girdle was deferred. 

A hand-held dynamometer was utilized during 
resisted testing of the glenohumeral joint, which was 

performed in the positions as described by Cyriax.17 
The results of strength testing can be found in Table 
1. Fieseler et al found high intra-rater reliability for 
the use of hand-held dynamometry on the shoul-
der with ICC values of 0.96-1.00.18 Manual muscle 
testing of the lower and middle trapezius muscles 
was performed in prone, as described by Kendall.19 
The subject was unable to maintain any of the test-
ing positions against gravity due to reports of global 
left shoulder pain. Thoracic mobility was assessed 
in prone via posterior-anterior joint mobilizations 
as described by Maitland et al,20 and no segmental 
hypomobility or pain was noted. Heiderscheit et al 
found the intra-examiner reliability of joint mobil-
ity testing to have a kappa value between 0.61-0.80 
when a global assessment was made across more 
than one spinal level, while the reliability of pain 
provocation assessment was considered very good 
with a kappa value between 0.81–1.00.21

While the subject presented with impairments that 
were appropriate for physical therapy treatment, 
no conclusive movement or pathological structural 
diagnosis had been made. Although initial cervi-
cal screening was inconclusive, further evaluation 
was performed with the subject in supine. In order 
to help the subject relax, gentle manual cervical 
traction was applied prior to assessing joint mobil-
ity. Upon applying the traction force, the subject 
reported an immediate reduction of pain from 6/10 
to 1-2/10. The subject reported that this was the 
“best” his shoulder had felt within the past year, and 
his symptoms remained reduced after the traction 
force was released (4/10 after releasing manual trac-
tion). A similar response in symptoms was experi-
enced with lateral glide assessment of the mid to 
lower cervical spine when mobilizing away from the 
involved extremity.

Table 1. Shoulder Complex Isometric Testing, using 
Hand Held Dynamometry.
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CLINICAL IMPRESSION #2
At this point in the evaluation, the examiner was 
able to make the following assessments:

• Persistent shoulder pain of an insidious onset for 
the past year with high irritability and severity 
(7/10 average NPRS)

• Reduction of shoulder pain occurred following 
both cervical traction and lateral glides from 
6/10 to 1-2/10, despite full, symptom-free cer-
vical AROM and a negative Spurling’s test. 
Reasoning behind this response has been spec-
ulated previously, with hypothetical rationales 
including activation of descending pain inhibi-
tory systems through joint mechanoreceptors, 
decreasing stress on neural tissue, and improv-
ing neural mobility.22-24

• Limitations in shoulder motion (both active and 
passive) with high pain severity/irritability

• Weakness and impaired motor control of scapu-
lar stabilizing musculature during visual obser-
vation

• Weakness of shoulder musculature, demonstrated 
via HHD results

• Altered sensation to light touch along C4 and C5 
dermatomes

• Inability to participate in sports related activities 
including football, skeet shooting, and physical 
education class

The uniqueness of the pathological presentation was 
quite evident following the evaluation, and although 
no formal movement diagnosis was generated, the 
subject was deemed appropriate for physical ther-
apy based on the number of impairments that could 
be addressed through conservative treatment (high 
pain severity/irritability, range of motion, strength, 
etc.). The initial plan for treatment included address-
ing irritability of symptoms through manual therapy 
techniques directed at the cervicobrachial region 
in the form of mid to lower cervical lateral glides 
and cervical traction, and neuromuscular retraining 
of the upper quarter musculature. Outcomes that 
would be assessed related to mobility, strength with-
out pain, as well the DASH, PSFS and NPRS scores.

INTERVENTION AND OUTCOMES
Initial treatment included educating the subject on 
performing neuromuscular re-education of the lon-
gus colli muscle in supine, as well as performing 
standing scapular retractions. Both of these exercises 
were chosen initially due to movement impairments 
observed during shoulder active range of motion 
assessments, including inability to control scapular 
internal rotation and forward head positioning dur-
ing overhead movements. While no formal assess-
ment of deep neck flexor strength or endurance was 
completed during the initial examination, it has been 
shown that individuals with persistent neck pain 
have a reduction in the feedforward activation of the 
neck musculature during active shoulder motions.25 
That being said, there is limited evidence to support 
this treatment for the subject’s overhead movement 
strategies, but addressing the motor coordination 
of the neck musculature appeared warranted.26 In 
addition, scapular retraction exercises were utilized 
to assist in retraining the periscapular muscles in 
a pain free manner to address the aforementioned 
movement coordination impairment. To assist in 
symptom management, the subject’s mother was 
instructed on how to perform manual cervical trac-
tion in supine to be utilized as needed.

At the subsequent therapy session, the subject 
reported that his symptoms remained reduced since 
the initial evaluation, although he reported a return 
of 6/10 discomfort after performing manual labor 
including lifting boxes earlier in the day. The subject 
stated that he was able to perform typical activities 
of daily living without a reproducing his shoulder 
pain, and that he tolerated the home exercises with-
out any difficulties. Treatment focus remained on 
pain control and neuromuscular re-education. Once 
again, cervical traction and lateral glides were per-
formed to decrease the subject’s pain level, but the 
subject’s left shoulder was positioned at progres-
sively increased ranges of shoulder abduction (90, 
100, 120 degrees respectively) to preload neural 
structures during the mobilization techniques.23 The 
use of upper extremity pre-positioning with manual 
therapy to the cervical spine has been documented 
in previous cases for the treatment of cervical radic-
ulopathies.22,23 The subject was able to tolerate each 
incremental increase in shoulder motion, although 
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no reduction of symptoms at 120 º of abduction was 
noted.

After reducing the subject’s symptoms to 2/10, the 
focus of the session shifted towards neuromuscular 
re-education. Manual resistance was provided to the 
subject s involved extremity in the form of rhythmic 
stabilization. Due to the subject’s limited tolerance 
to activities above 90 degrees of shoulder flexion, 
stabilization was performed at approximately 30 
degrees of flexion while in supine and tolerated well 
by the subject. The subject was also instructed in 
isometric shoulder extension in supine, as well as 
scapular push-ups against a table to promote serra-
tus anterior activation.27,28 Exercises were attempted 
in quadruped, but the subject reported increased 
shoulder pain with upper extremity weight bearing, 
and they were not continued. Pending the subject’s 
progress with home exercises, the plan was to begin 
introducing progressive resistive exercises for scapu-
lar stabilizing and rotator cuff muscle groups. Moezy 
et al found that scapular stabilization exercises have 
been successful in improving shoulder range of 
motion, decreasing forward head and shoulder pos-
tures in subject s with subacromial impingement 
syndrome, and while this subject did not have a true 
impingement presentation, the impairments with 
which he presented may have benefit from this type 
of intervention.26 

During the second follow-up appointment, the sub-
ject reported no increase in symptoms since the 
last therapy session (remained at a score of 2/10 
on the pain scale).  The subject also reported hav-
ing an upcoming football combine within the next 
three weeks where he would be expected to perform 
exercises such as the bench press, back squat, and 
Farmer’s walk, and was hoping to be able to partici-
pate. He was informed that these exercises would be 
introduced to his rehabilitation plan pending contin-
ued progress of his symptoms.

Due to the subject’s minimal symptoms, no man-
ual therapy was performed. A brief review of the 
subject’s current home exercises was performed to 
ensure proper technique and execution. The follow-
ing exercises were then performed and added to the 
subject’s current home exercise plan (HEP): side 
lying external rotation, prone shoulder extension 

and with shoulder in external rotation, prone hori-
zontal abduction with shoulder in external rota-
tion, PNF pattern D2 shoulder flexion with a two-lb. 
dumbbell. Both the side lying external rotation and 
prone horizontal abduction with shoulder in exter-
nal rotation have been shown to produce maximal 
muscle activity of the infraspinatus/teres minor and 
supraspinatus respectively.29 The subject was pro-
vided with verbal and tactile cueing for technique, 
as well as to facilitate scapular retraction during 
the exercises. The subject attempted supine ser-
ratus anterior presses with a dumbbell, but due to 
the reproduction of symptoms, was provided with 
an upper extremity proprioceptive neuromuscular 
facilitation pattern (D2 flexion) with a dumbbell in 
standing as an alternative exercise.30 

The subject returned to physical therapy for his 
third treatment session stating he had not required 
any manual traction to reduce his symptoms at 
home over the prior week, and that he had noticed 
improvements in shoulder range of motion. Upon 
measurement of gross shoulder motion, the subject 
was able to achieve 160 º of pain free shoulder flex-
ion and shoulder abduction, without pain.

Once again, manual therapy techniques were with-
held, and a dynamic warm-up including upper body 
ergometer was introduced. The subject’s HEP was 
progressed to include performing a prone “Y” for 
continued lower trapezius recruitment, as well as 
a push-up with a plus for serratus anterior engage-
ment and to promote weight bearing through the 
upper extremity. As the subject was preparing for 
the upcoming football combine, the subject was 
observed performing light bench pressing and Farm-
er’s walks, both of which were pain free.

The fourth follow-up therapy session occurred one 
month after the initial examination, at which time a 
re-examination was performed in order to generate 
a progress note for the referring physician. The fol-
lowing objective measures from the re-examination 
are provided in Table 2. 

The subject exhibited slight forward head posturing 
during active motion testing overhead, but a reduc-
tion of scapular dyskinesia was observed compared 
to the initial examination The subject also stated that 
he was able to complete the football combine and 
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several workouts without pain, noting only muscu-
lar fatigue.

At this point in the rehabilitation plan (treatment 
sessions 6-8) focus was shifted towards more sports-
specific activities with the intention of completing 
a return to play progression. Included within this 
phase were more dynamic activities (medicine ball 
tosses, chest press against BOSU, closed kinetic chain 
plyometrics), progressions of stabilization exercises 
(physioball walkouts with focus on scapular stabi-
lization, Turkish Getups), and sports specific drills 
(stiff arm/hitting practice against a heavy punch-
ing bag, catching drills). The subject was cleared by 
the referring physician to return to sports without 
any restrictions, and as the subject was indepen-
dent with his HEP and had reached goals of therapy, 
and therefore was discharged from skilled therapy 
services. The subject was provided with the DASH 
questionnaire upon discharge, in which he scored 
a 2.5 on the DASH and a 6.25 on the DASH sports 

module. Table 3 displays an outline of the treatment 
plan of care for this subject. 

The subject was contacted eight months following 
discharge in order to check on his symptoms and 
function, at which time the subject had no reports of 
shoulder pain and was participating in baseball and 
skeet shooting without restrictions.

DISCUSSION
Although it is known that NOFs are typically asymp-
tomatic bone lesions, there are several documented 
cases in which they result in pain.1-3 As previously 
noted, there is little mention of the possible con-
servative treatments used with subject s with NOFs 
outside of a “wait and see” philosophy in which the 
lesion is simply observed.1,2,6 While the NOF in this 
particular case may not have been the only con-
tributing factor towards the subject’s symptoms, it 
was an important component to take into consid-
eration when establishing the treatment plan. The 

Table 2. Left Shoulder objective fi ndings at initial examination and re-examination.
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Table 3. Plan of Care Progression.
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impairments discussed in this case, as well as their 
subsequent treatment plans, can be broken down 
into two primary areas of focus: the shoulder and 
the cervical spine. Since the subject was referred to 
physical therapy for shoulder pain, this was the ini-
tial focus during the physical assessment. Clinical 
examination revealed impairments that were appro-
priate for physical therapy rehabilitation, including 
pain, decreased range of motion, weakness of the 
shoulder complex musculature, impaired neuromus-
cular control, and decreased ability to participate in 
sports related activities. However, examination of 
the cervical spine revealed potential contributing 
factors including poor postural awareness, impaired 
neuromuscular control as demonstrated by forward 
head posturing with overhead motions, and sus-
pected alterations in neuromechanical sensitivity 
evident through the effects of cervical traction and 
lateral glides on the subject’s arm pain. Although 
formal upper limb neurodynamic testing was not 
performed, the subject presented with other factors 
several authors have described to be consistent with 
a neurogenic pain pattern, including high pain sever-
ity and irritability, burning and tingling symptoms 
throughout the upper arm, and pain generation with-
out direct stimulus/response relationship.31-35 Based 
on these impairments, it was hypothesized that by 
improving the neuromuscular control and stability 
of both the cervical and scapulohumeral regions, the 
potential irritation of the neural structures would 
lessen and allow for improved shoulder function. 
Due to the inconclusive physical therapy examina-
tion in ruling in or out a pathoanatomical source 
of the subject’s symptoms, it was deduced that the 
aforementioned hypothesis was plausible based on 
the subject’s positive outcomes from the initial inter-
ventions. A similar approach has been utilized when 
treating individuals with highly irritable adhesive 
capsulitis that present with signs of neural irritation, 
and upon addressing the underlying neuromechani-
cal sensitivity, a significant improvement in shoul-
der function has been observed.36

While there were musculoskeletal impairments that 
were appropriate for physical therapy intervention, 
the dramatic, immediate improvement in symptoms 
with manual therapy at the cervical spine remains 
an interesting component to the plan of care. One 

possible explanation for the positive effects elicited 
by this treatment may be due to the mobilization of 
neural tissue. It has been suggested that mechanical 
cervical traction can both widen the intervertebral 
foramen and separate the vertebral bodies,37 which 
would allow the surrounding neural structures to 
have less restriction to movement. Graham et al. 
also found that movements of the upper extrem-
ity have mobilized the cervical roots of the brachial 
plexus; therefore, it is hypothesized that movements 
of the cervical spine would cause resulting move-
ments of the more peripheral neural structures of 
the plexus.38 Based on this hypothetical assumption, 
the use of both cervical traction and lateral glides 
would assist in a form of neural mobilization at the 
nerve root.39 Considering a recent systematic review 
that reported that studies investigating the effects 
of cervical lateral glide mobilizations consistently 
found significant improvements in pain in individu-
als with nerve-related neck and arm pain,40 the man-
ual techniques described in this case report could 
have resulted in the same effect. McClatchie et al. 
also found that mobilizations of the cervical spine in 
individuals without neck pain has been beneficial in 
reducing shoulder impairments, once again support-
ing the various manual techniques utilized in this 
case report.41

A questions remains: why would a subject with a 
NOF present with neurodynamic dysfunction? 
There are nociceptors within both the periosteum 
and marrow of bones, which would explain the 
possibility of having symptoms related to a NOF.42 
Sensitization of the dorsal horn neurons has been 
also documented as a potential source for referred 
pain or secondary hyperalgesia in individuals with 
bone pathologies, which may be more pertinent 
to the subject in this case report.42 Considering the 
subject had hypoesthesia, reports of burning/tin-
gling throughout the arm, and the chronicity of his 
symptoms, it would be reasonable to assume that 
alterations to the peripheral and/or central nervous 
system’s processing had occurred, resulting in a sen-
sitized state.24,32 Central sensitization can cause the 
following changes to occur within the dorsal horn: 
spontaneous activity within the neurons, a decrease 
in the required stimulus to reach threshold, an aug-
mented response once threshold is reached, an 
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increased receptive field size, and a range of neuro-
immunologic responses, leading to enhanced central 
excitability and/or diminished central inhibition.43-45 
Central neuroimmunologic responses may lead to 
sensitize the dorsal root ganglia,45 which in combi-
nation with aberrant movement patterns, could con-
tribute to sensitization of the peripheral nerves of 
the upper quarter.24,46 Based on the subject’s presen-
tation upon evaluation, it is plausible that his symp-
toms were due to a mix of peripheral and central 
pain mechanisms.44 When taking into consideration 
the previous information regarding the benefits of 
neural mobilizations and the nociceptor innerva-
tion of the periosteum, mobilizing the cervical spine 
may prove beneficial in subject s with non-mechani-
cal pain associated with NOFs. Further investigation 
of the conservative physical therapy management of 
individuals with radiological evidence of a NOF is 
needed to enhance the body of knowledge regarding 
this pathology.

LIMITATIONS
While the outcomes of this case report were posi-
tive, there are several limitations. For instance, 
the subject in this case presented with increased 
neuromechanical sensitivity, but this finding may 
not be consistent amongst other individuals. Hav-
ing only a single subject within the case prevents 
generalizability to be made amongst all individuals 
with NOFs, and further investigation of the presen-
tation and treatment of symptomatic NOFs remains 
warranted. 

CONCLUSION
This case reports describes positive results after 
conservative treatment of a teenage athlete with a 
symptomatic NOF in the proximal humerus. He was 
able to return to full participation in his prior sports 
activities after a combined approach of manual 
therapy, neuromuscular re-education, and progres-
sive resistance training. Physical therapists must 
take into consideration many factors that may be 
contributing to a subject’s persistent pain. Altera-
tions in neuromechanical sensitivity should be 
included as part of a differential diagnosis in sub-
ject s with persistent symptoms, particularly when 
there is evidence of a NOF. By incorporating neural 
mobilization techniques, along with addressing any 

pertinent underlying musculoskeletal impairments, 
utilization of conservative treatment options may be 
helpful in individuals with symptomatic NOFs. 
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